which is smaller than the general error linked with the DFT exchange correlation functional.
Brillouin zone integration is converged with a 331 k-point mesh generated by the MonkhorstPack algorithm. Minimum energy pathways have been found using the nudged elastic band (NEB) method with eight equally spaced images along the pathway. 16, 17 The transition state structures have been fully optimized and characterized by a single negative force constant along the reaction pathway. Vibrational frequencies have been calculated in the harmonic approximation by a numerical evaluation of the Hessian matrix.
The bulk model used for g-alumina comes from a previous theoretical study of the dehydration of boehmite, with the constraint of a distribution of 25% tetrahedral and 75 % octahedral Al atoms. 18 The (110) surface has been considered since it is the most abundant one on the alumina nanoparticles (~75% of the total surface), and it has been modeled by a 8.4 x 8.1 Å 2 periodic slab, composed of 4 layers. The two bottom layers of the slab were maintained in the geometry of the bulk, while the two upper layers were relaxed. Following the alumina preparation procedure, the upper surface is partially hydroxylated, and hence for a realistic modeling a few water molecules should be chemisorbed. 19, 20 For the given cell size, the adsorption of three water molecules represents well the diversity of OH groups seen in IR spectra. 9 It corresponds to a OH coverage of 7.3 OH/nm 2 on the (110) surface or 5.5 OH/nm 2 on the alumina particle, since the main other surface (100) does not present any OH. This coverage is higher than the average value measured for a typical pretreatment temperature of 500 °C (2-4 OH/nm 2 ) 21, 22, 23, 24 and corresponds to an hypothesis where the surface hydration is not homogeneous, as observed by Métivier et al. 25 These OH group are crucial sites for the grafting on the W complex on alumina. Surface aluminum atoms have a coordination ranging from IV to VI and interact with one or two OH groups. The surface unit cell present one 4-coordinated Al (Al IV ), and three five coordinated one (Al V ), including OH or water adsorbates in this coordination count. Key OH groups on the surface for the complex grafting are a 4 terminal OH on Al IV , a bridging OH on two Al V and a terminal OH on Al V . We will show that the choice of OH group for the complex grafting step has a strong influence in its stability and reactivity. In the paper, oxidation numbers will be mentioned by exponent (W VI for example means W at the oxidation degree 6) and neighbor coordination by a subscript (Al IV means 4-coordinated Al). In H7 the trihydride complex is only monografted and W has the oxidation degree IV. In H8, 
3-Results and discussion

1-Initial grafted complex and formation of various tungsten hydrides
W
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The relative energies of these grafted hydrides on g-alumina are compared in Figure 2 (H 2 molecules have been added to keep the same number of H atoms). We have seen in the introduction that the tungsten hydrides, whatever their nature, are very active in metathesis. In the case of ethylene reactant for example, the first step is its coordination on W. All attempts to coordinate ethylene on 2 failed. The reason is that W is saturated and too deeply inserted in the alumina network. In contrast, the coordination was possible on H9, the second most stable complex, also a W VI trihydride. The metastable complex H9 is hence considered as a prototype of active site for W hydrides on alumina. It is shown in more details on scheme 2 and will be called 2' in the following. Among the two W-O bonds, one is short (1.79 Å) and it can be viewed as a tungsten-oxo W=O bond in interaction with the alumina surface. This surface complex can hence be described as a Woxo-trihydride.
The experimental IR spectrum shows two bands at 1804 and 1903 cm -1 . 2 These bands are however rather broad (full width at half maximum ~70 cm -1 ). The calculated W-H frequencies for the six most stable grafted W hydrides of Figure 2 are given in table S1 in the supporting information. Calculated frequencies are shifted too higher value compared to experiment by ~100 cm -1 . 28 The stable trihydride structures 2 and 2' give three frequencies, but after convolution with a Gaussian to reproduce the experimental broadening, the two highest value combine in one peak. Weak H-bond interaction between some W-H and a surface hydroxyl shifts the low frequency even lower. The reproduction of the separation between the two bands hence depends on the specific distribution of OH groups on the alumina surface, which is not possible to obtain accurately from our necessarily simplifying model of an otherwise rather heterogeneous distribution of OH groups. Hence, due to the limited resolution, the experimental spectrum is completely compatible with the proposed most stable structures 2 and 2'. Therefore, as a first conclusion, the structure of the active W hydride is likely to be a trihydride.
In the next section, we will describe the formation pathways of the two bigrafted hydrides 2 and 2' starting from the mono-grafted complex 1 and reacting it with H 2 . We will see that the path towards 2 is unfavorable in the early steps, and hence the catalyst synthesis process will mainly lead to the formation of the species 2'.
2-Formation of W(H) 3 /Al 2 O 3 under H 2 .
Under H 2 three types of reactions can occur for the surface W alkylidyne-dialkyl complex 1 as shown on Figure 3 for the model complex 1m. The first one (indicated by
11
−CH 4 ) consists in a second grafting process on a neighboring surface hydroxyl with elimination of a molecule of methane (experimentally neopentane). The second one is the addition of H 2 on the WºC triple bond, (indicated as +H 2 ) leading to an alkylidene-hydride or in a second step to an alkyl-hydride product. The third one is a hydrogenolysis of a W-alkyl bond (indicated by +H 2 /-CH 4 ) with also elimination of methane (neopentane). The key difference between the trihydrides 2 and 2' resides in the Al-OH site for the second grafting. For 2, the second grafting takes place on the bridge hydroxyl between two Al V centers (H a in Scheme 1), while for 2', the hydroxyl involved is singly bound to an Al V (H b in Scheme 1). Hence, two pathways must be considered, depending on the site of the Hence, the bi-grafted complex 3 is more stable than 3' by 9 kJ/mol, but its formation is much slower with a difference in the activation energies of 36 kJ/mol, which at the reaction temperature of 150 °C corresponds to a rate 2*10 4 slower. To summarize the reactivity of complex 1m under hydrogen, the easiest reaction is the formation of the molecular H 2 complex 14 compared to the second grafting. Then, the hydrogenation of the triple bond is much easier than the hydrogenolysis, which yields preferentially 4. Another important conclusion is that, if the second grafting occurs, it would clearly take place at O-Al IV , which favors for kinetic reasons the pathway leading to 3', then 6', 11', 12', 13' and then 2'. For that reason, only the pathway leading to 2' has been calculated. Clearly, the second grafting is more activated than other reaction described, and will only happen after these reactions, later in the process. Table 1 ) but the transition states have not been explicitly characterized. As explained above, the formation of 13 is kinetically hindered, since at step 2, the formation of 7' (implying a terminal OH on an Al V center) is favored, orienting the reaction in the branch on bi-grafted complexes leading to 13'. Figure 3 (in kJ/mol).
Let us now discuss how the tretrakishydride 13' leads to the formation of the trihydride 2'. For this reaction, one hydride has to be removed, which can be performed in the presence of a neighbor proton to eliminate H 2 . We have then studied the reaction path shown on Scheme 3, the structure of intermediate 16 and of transition states being given in Figure 7 . 
4-Conclusion
In conclusion to the study of this complex network of reactions, the bi- 
